The gastrointestinal tract (GIT) constitutes one of the largest immunological organs of the body. The GIT must permit absorption of nutrients while also maintaining the ability to respond appropriately to a diverse milieu of dietary and microbial antigenic components. Because of the diverse population of antigenic components within the GIT, a sophisticated mucosal immune system has evolved that relies on collaboration between the innate and adaptive arms of immunity. The collaborative, mucosal immune effort offers protection from harmful pathogens while also being tolerant of dietary antigens and normal microbial flora. Knowledge with respect to porcine mucosal immunity is important as we strive to understand the interrelationships among GIT physiology, immunology, and the resident microbiota. The aim of this review is to provide a descriptive overview of GIT immunity and components of the mucosal immune system and to highlight differences that exist between the porcine species and other mammals.
INTRODUCTION
One of the major functions of the immune system is to identify and eliminate pathogens; however, with respect to immune function within the gastrointestinal tract (GIT), it may be equally important to achieve a homeostatic balance between immune tolerance and immune responsiveness (Artis, 2008) . In vertebrates, the immune system is subdivided into the innate and adaptive arms of immunity. In a broad sense, the innate immune system is composed of anatomic, physiologic, phagocytic, and inflammatory barriers (Goldsby et al., 2003) . The aforementioned barriers enable the innate immune system to provide the first line of defense against infectious disease. Innate immune components also interact extensively with adaptive components to help direct the adaptive immune response, which is characterized by a response to specific antigens and by immunologic memory. Because of the vast surface area of the GIT and the constant exposure to commensal and pathogenic microorganisms, mucosal immunity of the GIT has been the subject of great interest for the past several years.
The mucosal surface of the GIT forms an intricate collaboration with the intestinal lumen. The diverse milieu of antigenic dietary components, as well as the various populations of microbes within the GIT, has facilitated the need for an evolving and sophisticated mucosal immune system. Much of the burden on mucosal immunity is shouldered by intestinal epithelial cells (IEC). The IEC monolayer provides anatomic and physiologic barriers designed to maintain homeostasis within the GIT. Taken together, along with the idea that the GIT must fulfill its primary absorptive function, it is imperative that the mucosal immune system of the gut effectively discriminate and respond appropriately to enteropathogens as well as harmless food antigens or antigens from commensal organisms. Failure to deal appropriately with antigenic stimuli can result in chronic inflammation, decreased digestive function, and a decreased rate of growth.
The importance of mucosal immunity is clear when one considers that the gut contains greater than 10 12 lymphocytes and has a greater concentration of antibodies than any other site in the body (Mayer, 2000) . The mucosal immune system is adequately equipped to generate a protective immune response directed at harmful pathogens, but it also has the capability to be tolerant of the ubiquitous dietary antigens and normal microbial flora while maintaining the ability to permit the absorption of nutrients. In addition to thorough reviews of the mammalian gastrointestinal immune system (James, 1993; Kagnoff, 1993; Par, 2000; Brandtzaeg and Pabst, 2004) , reviews have also been published regarding the porcine immune system (Blecha, 2001; Scharek and Tedin, 2007) , as well as reviews specific to the porcine gastrointestinal immune system (Mayrhofer, 1984; Stokes et al., 1994 Stokes et al., , 2001 . In addition, researchers have begun to use genomics-based approaches to further our knowledge of immunity in the porcine gut (Dvorak et al., 2006) . Therefore, the aim of this review is to provide a description of mucosal immunity and components of the mucosal immune system in swine and to highlight differences between swine and other mammalian mucosal immune systems.
MUCOSAL IMMUNITY
Confronted with a large array of antigens, the immune system faces a considerable challenge in its efforts to maintain local tissue homeostasis in the intestinal mucosa. For example, at least 400 different species of bacteria contribute to a total of approximately 10 14 microbes that are distributed throughout the GIT (Gorbach et al., 1967; Suau et al., 1999) . The mucosal immune system must prevent the dissemination and proliferation of these potentially harmful microbes while sparing the vital structures and function of the intestine. To carry out this daunting task, the intestinal mucosa, complete with a single layer of epithelial cells, provides a barrier to the commensal and pathogenic bacteria present within the gastrointestinal milieu (Neutra et al., 2001) . In addition to the physical barrier that the epithelia provide, the mucosal immune system also uses other gut-associated lymphoid tissues (GALT) to protect the organism and to mediate subsequent innate and adaptive immune responses. A hallmark of mucosal immunity is the induction of an immune response in Peyer's patches and the subsequent production of secretory IgA by B lymphocytes in the lamina propria. The importance of interactions among the microbiota, the gut epithelium, and the GALT were emphasized by Falk et al. (1998) , who suggested that an important "trialogue" exists among these components that shapes the intestinal ecosystem.
The communication within the mucosal immune system is carried out by a large and highly specialized collection of tissues and cells within the GIT. In fact, the intestine is considered to be the largest lymphoid organ and contains more immune cells than any other organ, including the spleen and liver (Brandtzaeg et al., 1989) . Immune cells within the GIT are highly compartmentalized within GALT and are described in the following sections.
GALT
Gut-associated lymphoid tissue provides specific host defense and encompasses the largest collection of immune cells in the body (Mowat and Viney, 1997) . The GALT is the focal point of the mucosal immune system and is generally divided into functional compartments known as inductive or effector sites (Brandtzaeg and Pabst, 2004) . Inductive sites include areas of antigen sampling at mucosal surfaces, and effector sites include areas where lymphocytes differentiate and defend the organism in an immune response (Brandtzaeg and Pabst, 2004) . There is some discrepancy regarding the classification of the structures and tissues that compose the GALT because there is no absolute distinction among the functional compartments. For the purpose of this review, we will consider the inductive portion of the GALT as comprising the appendix, isolated lymphoid follicles, and Peyer's patches (Brandtzaeg and Pabst, 2004) . The lamina propria is generally considered an effector site within the GALT and is referred to as a compartment containing cells outside the Peyer's patches (Nagler-Anderson, 2001 ).
In general, GALT represents a site where B and T lymphocytes interact with intestinal antigens. However, before antigens reach the GALT, antigens must breach the IEC monolayer that separates the GALT from the intestinal lumen. The IEC monolayer provides both intrinsic and extrinsic barriers to potentially harmful pathogens and antigens (reviewed by Pitman and Blumberg, 2000) . The intrinsic mechanism hinges on the establishment of a physical barrier via the highly organized IEC monolayer, which facilitates selective transfer of lumenal contents to the underlying GALT. Epithelial cells that line mucosal surfaces also function extrinsically by secreting proteins (e.g., mucins, antimicrobial peptides, and immunoglobulins) that limit the interaction of potential pathogens with the gut mucosa (Oswald, 2006) . However, antigens and pathogenic microorganisms routinely circumvent the physical barrier provided by IEC. For example, antigen may be taken up by microfold (M) cells found within the follicle-associated epithelium of Peyer's patches (Tyrer et al., 2006) . In addition, antigen may be sampled directly by dendritic cells, which open tight junctions between IEC to extend dendrites into the intestinal lumen (Rescigno et al., 2001) , and certain species of bacteria overcome the epithelial barrier by using specialized invasion strategies such as the Type III secretion system (Hapfelmeier et al., 2005) . Pathogens and other antigens within the gut lumen that traverse the IEC barrier eventually interact with phagocytic cells (e.g., macrophages and dendritic cells) as well as B and T lymphocytes within the GALT. These interactions provide the necessary signals for the initiation of an adaptive immune response and the generation of effector mechanisms (Pasare and Medzhitov, 2005 ). Effector cells then proceed to the mesenteric lymph nodes, where the immune response is amplified (Bode et al., 2002) . Activated lymphocytes are then passed into the bloodstream via the thoracic duct and travel to the gut to carry out their specific effector functions. Taken together, the IEC monolayer and GALT combine to initiate and carry out innate and adaptive immune responses. In the following sections, GALT inductive and effector sites are considered; where possible, emphasis focuses on their functional significance and specific attributes as these apply to the domestic pig.
GALT Inductive Sites
Appendix and Cecum. Considered as the beginning of the large intestine and part of the colon, the cecum is a pouch-like structure at the end of the small intestine that is separated from the ileum by the ileocecal valve. The appendix, similar in structure and form to the cecum, is a diverticulum that extends from the cecum. The appendix is highly vascular, is lymphoid rich, and produces immune cells that are normally attributed to the GALT (Spencer et al., 1985; Somekh et al., 2000) . It has been hypothesized that the appendix may have exocrine, endocrine, and neuromuscular functions. However, limited evidence suggests that the most likely function of the appendix is as part of the gastrointestinal immune system (Dasso and Howell, 1997; Shanahan and O'Sullivan, 1997; Pospisil and Mage, 1998) . Hypothesized functions attributed to the appendix have not been proven unequivocally, and the most prominent functional period of the appendix probably exists in the developing fetus and the neonatal animal (Dasso et al., 2000) . In the domestic pig, the significance of the appendix becomes irrelevant because the appendix cannot be found within the porcine gastrointestinal anatomy (Simic and Ilic, 1976; Schantz et al., 1996) .
Peyer's Patches. Islands of discrete, organized lymphoid tissue with areas populated by B and T lymphocytes located in the small intestine are known as Peyer's patches and have been thoroughly reviewed elsewhere (Mayrhofer, 1984; Heel et al., 1997; Makala et al., 2002) . Unlike the adjacent absorptive epithelium, Peyer's patches are overlaid with a specialized follicle-associated epithelium. The follicle-associated epithelium has a filamentous brush border glycocalyx but lacks the membrane-associated hydrolytic enzymes characteristic of the absorptive epithelium (Neutra et al., 2001 ). In addition, the follicle-associated epithelium harbors specialized antigen-sampling M cells that are interdigitated within the epithelium (Owen and Jones, 1974) . Immune surveillance of the GIT is an important function of M cells Neutra et al., 2001) . Underlying the follicle-associated epithelium, large B-cell follicles and adjacent T-cell areas surround a germinal center supported by follicular dendritic cells. Generally speaking, Peyer's patches are sites of antigen sampling and have a role in the induction of mucosal immune responses. However, differences among Peyer's patch development, structure, and function between species have been reported (Griebel and Hein, 1996; Andersen et al., 1999 ).
Peyer's patches have been described in the domestic pig and are known to reside in the small (jejunum and ileum) and large (spiral colon) intestine (Chu and Liu, 1984; Binns and Licence, 1985; Lowden and Heath, 1994) . Within the small intestine of pigs, discrete Peyer's patches are found in the jejunum and upper ileum, and a continuous Peyer's patch is evident along the terminal ileum (Rothkotter et al., 1990) . Even though ileal and jejunal Peyer's patches are morphologically similar, Pabst et al. (1988) concluded that there is a greater lymphocyte production rate, a greater number of total germinal follicles, and a greater mean follicle diameter in ileal Peyer's patches compared with jejunal Peyer's patches. In addition, although human and mouse ileal Peyer's patches have been established as secondary lymphoid organs, there is evidence to suggest that ileal Peyer's patches in sheep, cattle, and swine exhibit properties consistent with a function as primary B-cell lymphoid organs (Reynolds, 1987; Parng et al., 1996; Andersen et al., 1999) . Considering the species differences, differences in B and T lymphocyte distribution, quantity, and function, the Peyer's patch is a complex lymphoid aggregate that has multiple functions. The Peyer's patch decreases antigen translocation across the mucosal epithelium via selective uptake by M cells, and helps to recognize luminal antigen to direct subsequent immunological responses. The role of M cells in microbial recognition has not been fully elucidated because of difficulties in establishing suitable in vitro models, but recent work has provided some insight into M-cell function. For example, Tyrer et al. (2006) has provided evidence that pattern recognition receptors (e.g., Tolllike receptors) are important for M-cell recognition of Gram-negative bacteria and to induce an appropriate mucosal immune response. Because the in vitro model established by this group consisted of human epithelial cells cocultured with murine Peyer's patch cells, these observations may not be applicable to swine. Even so, recent observations by Shimosato et al. (2005) and Tohno et al. (2005) provided evidence that Toll-like receptors are expressed on porcine M cells and contribute to ligand-specific transcytosis, which is consistent with the hypothesis that Peyer's patches may be responsible for the induction of immune responses.
Isolated Lymphoid Follicles and Cryptopatches. Isolated lymphoid follicles are lymphoid aggregates in the antimesenteric wall of the small intestine that have been described in mice (Hamada et al., 2002) and humans (Moghaddami et al., 1998) . Similar to Peyer's patches, isolated lymphoid follicles contain germinal centers with segregated B-and T-cell areas and an overlying follicle-associated epithelium complete with M cells (Hamada et al., 2002) . Isolated lymphoid follicles function as inductive sites for antigen-specific mucosal immune responses (Lorenz and Newberry, 2004) . Kanamori et al. (1996) described murine cryptopatches as small aggregates of lymphocytic cells in the basal lamina propria of the small and large intestine. This group also characterized the cells within cryptopatches as lineage negative and expressing the stem cell factor known as c-kit. Suzuki et al. (2000) has provided evidence that cryptopatches function as sites for the development of progenitor T cells for extrathymic intraepithelial lymphocyte descendants. More recently, Pabst et al. (2005) provided evidence that argued against separate, isolated lymphoid follicle and cryptopatch lymphoid aggregations. According to Pabst et al. (2005) , cryptopatches have been identified only in mice and in their current work; no cryptopatch-like structures could be identified in the human, rat, or pig intestine.
GALT Effector Sites
Lamina Propria. Subsequent to immune induction, the lamina propria has proven to function as the regulator of immune responses in the intestine (Makala et al., 2001 ). The gastrointestinal lamina propria is composed of smooth muscle cells, fibroblasts, blood vessels, and lymphatics that make up a highly vascular layer of loose connective tissue underlying and supporting the mucosal epithelium (Hunyady et al., 2000) . In addition, the lamina propria contains macrophages, dendritic cells, neutrophils, mast cells, and lymphocytes that participate in lamina propria effector functions (Hunyady et al., 2000) . After induction in the Peyer's patch, mature T and B cells travel to the mesenteric lymph nodes via the lymphatic circulation before homing to the lamina propria (Hokari et al., 2001) , where T cells can directly eliminate pathogens and where T and B cells can participate in the production of cytokines and immunoglobulins (e.g., IgA). A detailed discussion of the porcine lymphocyte repertoire and antibody development is not included in this review; however, please see Butler et al. (2006a,b) for excellent reviews on these aspects of porcine immunology. In humans, the majority of lamina propria T cells are CD4 + and express the αβ T-cell receptor (Brandtzaeg et al., 1998) . Lamina propria T cells differ from peripheral T cells in that they have a greater threshold of activation, produce increased concentrations of cytokines on stimulation, and have a phenotype associated with immunologic memory (Wittig and Zeitz, 2003) . In addition, most species express CD25 and isoforms of CD45, which are consistent with antigen recognition and immunologic memory, respectively (Haverson et al., 1999) . Between species, the population of lymphocytes that resides in the lamina propria has been classified as heterogeneous, and the organization of these cells is classified as random (Bailey et al., 2005) . Collectively, these characteristics are consistent with the effector function of lamina propria lymphocytes, which enables these cells to participate in immunosurveillance and to respond actively to potential pathogens.
Important differences in lamina propria lymphocytes exist between humans and swine that may relate to the function of these compartmentalized cells. In the small intestine of pigs, lymphocytes have been categorized as diffuse or organized (Pabst and Rothkotter, 1999) . As is the case for most species, intraepithelial lymphocytes and lymphocytes contained in the lamina propria are considered diffuse lymphocytes. In contrast, the gut mucosa of the pig has a greater degree of organization compared with the gut mucosa of rodents and humans . For example, Vega-Lopez et al. (1993) observed that plasma cells are preferentially localized to the intestinal crypts and T cells to the intestinal villi. Vega-Lopez et al. (1993) also observed a spatial separation between CD4 + and CD8 + T cells within the lamina propria of intestinal villi. In addition, researchers have observed differences in cytokines secreted by activated porcine and murine lamina propria T lymphocytes compared with human lamina propria T lymphocytes (Harriman et al., 1992; Bailey et al., 1994) . The significance of the differences that exist in pigs has not been fully elucidated. It has been suggested that lamina propria lymphocytes, in addition to their effector function, also have a role in immunoregulation ). However, the regulatory role of T cells in the intestinal mucosa has received little attention and is currently being investigated (Kaser et al., 2008) .
Intraepithelial Lymphocytes. Intraepithelial lymphocytes (IEL) represent a large, heterogeneous subclass of T cells that are integrated in the epithelial layer of many tissues (reviewed by Mowat and Viney, 1997; Hayday et al., 2001) . Functionally, lines of evidence have portrayed human and murine IEL as having cytolytic and immunoregulatory properties that can be summoned quickly to maintain epithelial integrity and to protect host tissues from infectious agents. Intraepithelial T lymphocytes can be differentiated from circulating and lamina propria T lymphocytes. For example, circulating T cells are subdivided into similar proportions of CD4 + and CD8 + T-cell populations, whereas the majority of IEL are CD8 + (Gebert et al., 1996) . In addition, IEL can be αβ and γδ T-cell receptor positive, with the γδ + cells having abundant expression of the CD8αα homodimer (Gebert et al., 1996) . Intraepithelial lymphocytes also have a greater proportion of γδ + cells compared with circulating concentrations in avian and murine species (Bucy et al., 1988; Goodman and Lefrancois, 1988) . Another defining feature of IEL is their ability to bind to E cadherin on IEC, which is facilitated by the expression of αEβ7 integrin (Cepek et al., 1994) . Researchers have also noted that characteristics such as morphology, size, and sedimentation density contribute to the heterogeneity of lymphocytes categorized as IEL (Hayday et al., 2001) .
Because of this heterogeneity within IEL populations, Hayday et al. (2001) has proposed that IEL be classified into 2 subgroups: Type a and Type b. Intraepithelial lymphocytes that are thymus-dependent, activated within the peripheral circulation, that express the αβ T-cell receptor, and that recognize antigen in the context of major histocompatability complex I or II would be included as Type a IEL. Type b IEL are thymus-independent cells that express T-cell receptors that are γδ + , γδ + CD8αα + , or αβ + CD8αα + . Both types of IEL are cytolytic effectors that secrete cytokine and chemokine mediators. However, Hayday et al. (2001) concluded that Type a IEL are more indicative of an adaptive response, whereas Type b IEL are "revertants" to the innate immune response. The role of Type b IEL is also supported by evidence summarized by Havran et al. (2005) indicating that intraepithelial γδ + T cells are involved in tissue repair, lysis of damaged epithelial cells, and inflammatory cell recruitment. Consistent with the heterogeneous nature of IEL, there is evidence to suggest that intraepithelial lymphocyte populations vary between species.
Similar to humans and mice, pig IEL express CD2 and have an increased proportion of CD8 + cells (Pabst and Rothkotter, 1999) . Vega-Lopez et al. (2001) observed similar developmental changes in IEL and proposed that the delayed maturation of IEL might be positively correlated with the increased disease susceptibility of young pigs. Even though there is more to learn about IEL, particularly in domestic animal species, their location among the intestinal epithelia is indicative of their importance as immune regulators and effectors at the luminal-epithelial interface. Kagnoff (1993) theorized that because of the diverse environment within the gut lumen, IEC have evolved mechanisms that constitute an effective anatomical and immunologically active barrier. One mechanism of the IEC barrier is the innate recognition and differentiation of commensal and pathogen-associated molecular patterns via pattern recognition receptors such as the Tolllike receptor family (Didierlaurent et al., 2002) . Within the GIT, the IEC are compartmentalized, particularly in the small intestine, where different populations of IEC form a vertical crypt-villus axis (Turner, 2003) . In most species, stem, goblet, secretory, enteroendocrine, and Paneth cells populate the crypt-villus axis. The intestinal villi comprise absorptive enterocytes and goblet cells, whereas Paneth cells can be found in the villus crypts. In addition to the primary absorptive function of IEC, within the GIT they must discriminate effectively and respond appropriately to food antigens as well as commensal and pathogenic microorganisms. Failure to deal with antigenic stimuli appropriately can result in chronic inflammation and decreased digestive function. Here we provide a brief review of IEC with specific emphasis on the immunological aspects of porcine epithelia.
IEC as an Effector of Mucosal Immunity
Intestinal epithelial cells and intraepithelial lymphocytes constitute the epithelial layer of the intestine and are separated from the underlying lamina propria by the basal lamina. The crosstalk among the gut lumen, IEC, and the lamina propria provides the information that directs the mucosal immune system. In addition to the physical barrier that the IEC monolayer provides, Christ and Blumberg (1997) suggested that IEC have immunological functions that can be broadly categorized as follows: 1) secretion of soluble protein factors; 2) immunosurveillance; 3) regulators of immune responses; and 4) as targets for immune effectors. These immunological functions of the IEC monolayer are discussed further below.
A critical component of the barrier function attributed to the IEC monolayer is the formation of epithelial tight junctions (reviewed by Gumbiner, 1987; Shen and Turner, 2006) . Tight junctions contribute to the highly selective IEC monolayer and participate in the polarization of the epithelial cell into apical and basolateral domains. Thus, the formation of tight junctions and the IEC monolayer is vitally important for separating the mucosa from lumenal components while allowing for the absorption of nutrients. In addition to tight junctions, barrier function is fortified by a mucinrich glycocalyx that lines the GIT and is embedded with antimicrobial peptides (Eckmann, 2004) ; however, the mucus layer has not been well characterized in the domestic pig. Therefore, the IEC monolayer, coated by mucus secreted from goblet cells, provides a nonspecific physical barrier that inhibits invasion by commensal and pathogenic bacteria that reside within the GIT.
In addition to the barrier function of IEC, they are considered prominent sources of soluble protein factors. For instance, secretion of chemokines and cytokines leads to the recruitment of macrophages, lymphocytes, and polymorphonuclear leukocytes and can therefore further initiate both the innate and adaptive immune responses (Eckmann et al., 1993; Jung et al., 1995; Maaser and Kagnoff, 2002) . Interestingly, it is pathogenic bacteria, not commensal bacteria that trigger such inflammatory responses (Eckmann et al., 1997) . Jung et al. (1995) demonstrated that after challenge with invasive (but not noninvasive) bacterial strains, human colon epithelial cell lines (T84, HT29, and Caco-2) expressed the proinflammatory cytokines IL8, monocyte chemotactic protein-1, granulocyte-macrophage colonystimulating factor, and tumor necrosis factor-α. The porcine IEC line IPEC-J2 expresses mRNA for IL1α, IL6, IL7, IL12p40, IL18, tumor necrosis factor-α, granulocyte-macrophage colony-stimulating factor, CCL20, macrophage migration-inhibiting factor, and osteopontin, and is also a prominent source of highly polarized IL-8 secretion (Schierack et al., 2005; Skjolaas et al., 2006) . The central regulator involved in the IEC response to enteroinvasive bacterial pathogens is the signal transduction pathway, which includes IκB kinases and the downstream activation of the transcription factor nuclear factor-κB (NFκB; Elewaut et al., 1999; Gewirtz et al., 2000) . The activation of NFκB culminates in the expression of mediators including, but not limited to, inflammatory cytokines. For instance, Hyland et al. (2006) observed that on administration of Salmonella serovar Choleraesuis, expression of CXCL2, IL-1β, and IL-8 mRNA is rapidly increased in porcine ileal Peyer's patches.
In addition to cytokines and chemokines, antimicrobial peptides are secreted by IEC (for a review, see Ganz, 2003) . According to Ganz (2003) , defensins are abundant in Paneth cells and are the most prominent group of antimicrobial peptides in humans. However, the presence of Paneth cells in pigs is debatable (Myer, 1982; Dekaney et al., 1997; Obremski et al., 2005) . In swine, 13 isoforms of β-defensin have been characterized and are primarily of epithelial origin (Zhang et al., 1998; Sang et al., 2006) . In addition to defensins, other antimicrobial peptides such as cathelicidins and protegrins, have been identified in swine and have been reviewed by Sang and Blecha (2008) .
With respect to immunosurveillance, the synthesis and secretion of cytokines, chemokines, and antimicrobial peptides by IEC is dependent on the ability of IEC to decipher information received from the intestinal milieu. This role of IEC is largely accomplished via Toll-like receptors (Philpott et al., 2001; Takeda and Akira, 2003) . In the porcine species, Toll-like receptors 1 through 10 have been characterized and reviewed elsewhere (Uenishi and Shinkai, 2008; Zhu et al., 2008) . Recognition and detection of bacteria and bacterial products by Toll-like receptors initiates a signaling cascade that culminates in the activation of NF-κB and transcription of proinflammatory cytokines Medzhitov et al., 1998) . Similar to cytokine and chemokine mediators, the expression of antimicrobial peptides has also been linked to signaling via Toll-like receptors (Vora et al., 2004) . The immunosurveillance role of IEC is not restricted to Toll-like receptors. Nucleotide-binding oligomerization domain (NOD)-like receptors are an additional family of pattern recognition receptors that detect pathogen-associated molecular patterns intracellularly (Meylan et al., 2006) . Two NOD family receptors (NOD1 and NOD2) have been identified in pigs (Tohno et al., 2008a,b) . In addition, the expression of major histocompatibility complex molecules on IEC in some species has lead to the hypothesis that IEC can function as nonprofessional antigen-presenting cells (Christ and Blumberg, 1997; Perera et al., 2007) . However, major histocompatibility complex II is not present on porcine IEC (Dvorak et al., 1987; Schierack et al., 2005) . Therefore, at least in pigs, the role of IEC as an antigen-presenting cell may not be applicable.
As regulators of the immune response, there is evidence to indicate that IEC have mechanisms to avoid deleterious immune responses while retaining the ability to mediate an adaptive immune response. As mentioned previously, IEC are constantly bathed with commensal and pathogenic bacteria. Toll-like receptor recognition and expression patterns may help the gut to be tolerant of the antigenic load within the GIT. One example is underlined by the specificity and expression of Toll-like receptor 5. Toll-like receptor 5 is specific for bacterial flagellin and its expression is highly polarized to the basolateral surface of IEC ). Therefore, not only is Toll-like receptor 5 specific to a particular ligand, but ligand-receptor interactions may also occur only in the case of epithelial injury or bacterial invasion. Taken together, Toll-like receptors (and other pattern recognition receptors) are central to innate recognition and mucosal immunity, contribute to immune regulation, and lead to the initiation of adaptive immune responses (for reviews see Werling and Jungi, 2003; Pasare and Medzhitov, 2005) .
With respect to IEC as targets of immune effectors, this role may be best described in the context of maintaining immune homeostasis and has been reviewed elsewhere (Shaykhiev and Bals, 2007) . Briefly stated, this role for IEC may be described as a complex bidirectional relationship between IEC and leukocytes that contributes to homeostasis under normal conditions as well as during the development of disease.
Implications for Growing Pigs
Knowledge regarding the intricacies of mucosal immunity as it applies to the inductive and effector sites is particularly important in pigs because of the development of these sites as the pig matures. The neonatal pig is immunologically incompetent until about 4 wk of age (Blecha, 2001) . Thus, the period from birth through weaning represents a critical time for pigs. During this period, the pig is exposed to and must mount appropriate immune responses toward or be tolerant of dietary and environmental antigens. Mucosal immunity, including the inductive and effector components of GALT, is extremely important in guiding the immune response toward an appropriate and effective immune response that strives to maintain intestinal homeostasis. Not only is the maintenance of intestinal homeostasis important for the development of the neonatal pig, but it also will most certainly have important ramifications for health and performance throughout the productive lifetime of the animal. 
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